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1. Introduction 
This report interprets the results of three sets of test 
data (Ref. 1 through 3) on welded light-gage cold-formed steel 
specimens. The tests were conducted at Cornell for the American 
Iron and Steel Institute on 252 symmetric puddle and fillet 
welded connections tested under monotonically increasing static 
load. The tested connections consisted of 130 shop welded 
specimens and 122 field welded specimens. 
All test connections had the same basic configuration being 
made up of center plates, referred to as parent plates or con-
nected plates in the references, butted together with one or, 
in the case of the double sheet puddle welds, two cover plates 
welded to each side. All specimens were welded with E60 elec-
trodes. In most cases, the parent plates were 7/16 inch thick 
hot rolled A-36 steel plates. In the cases where the 7/16 inch 
plates were not used for the parent plates, cold rolled plates 
of equal or greater thickness than the cover plates were used. 
Puddle weld specimens with single and double sheet cover 
plates were tested. Four different gage cover plates were used; 
they were 12, 14, 18 and 28 gage. The 12 gage and most of the 
18 gage cover plates were made from A446 grade A steel. The 28 
gage, 14 gage, and some of the 18 gage cover plates were made 
from A446 grade E steel. 
Both transverse and longitudinal fillet welds were tested. 
For both the transverse and longitudinal welds two types of 
cover plates, flat sheet and channel section, each in 12 and 18 
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gage thicknesses, were used. In each type of fillet weld a few 
different lengths were used. 
Reference I gives drawings of the different puddle and 
fillet weld configurations. Table I lists the material proper-
ties of the cover plate materials and weld material. 
The specific purpose of this report is to take the test 
data and use it to formulate design procedures for welded sheet 
steel connections. This report will attempt to isolate the 
connection design variables and to give formulas using these 
variables for the prediction of the strength of connections. 
The report will also recommend further testing in the areas 
where the data was not felt to be extensive enough to draw 
complete conclusions. 
2. Notation 
The notations used in this report are glven in the next 
three subsections. The first subsection explains the notation 
used to label the various groups of test specimens, while the 
second subsection gives the notation used to characterize the 
various failure modes observed in the test specimens. These 
first two sets of notations are the same as the notations used 
in References 1 through 3. The third subsection lists the 
symbols used to represent various parameters discussed later 
in this report. 
2.1 Specimen Designation 
All specimens are typically designated as: A AlB 18/7 Dl. 
The first letter identifies the type of weld and cover plates 
used for the specimen. The designations used are: 
A - Puddle welded single sheet cover plates. 
B - Puddle welded double sheet cover plates. 
C - Longitudinal fillet welded flat sheet cover plates. 
D - Longitudinal fillet welded channel section cover plates. 
E - Transverse fillet welded channel section cover plates. 
H - Transverse fillet welded flat sheet cover plates. 
The next two letters indicate the material used for the cover 
plates and the parent plates. The designations used are: 
A - A446, grade A steel. 
B - A36, hot rolled steel 
C - A6ll, grade C steel. 
E - A446, grade E steel. 
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The two numbers which follow indicate the thickness of the cover 
plates and the parent plates with numbers indicating the plate's 
gage except for the 7 which is used for the designation of the 
7/16 inch thick parent plates. The last letter indicates the 
approximate weld size, length or diameter of the particular set 
of welds, with the last number being the specimen number. 
Typical specimens of each type are illustrated in Reference 1. 
2.2 Failure Mode Designations 
The designations used to describe the various failure modes 
of the test specimens are identical to those given in References 
1 and 2. Photographs of most failure modes are given in Ref-
erence 1. The designations are as follows: 
PC - Plate tearing along the contour of the weld toe; i.e., 
near the fusion line. 
PS - Longitudinal shearing of the cover plates along prac-
tically parallel planes whose distance equals the 
diameter of the puddle weld, similar to plate shearing 
failures observed in bolted connections (Ref. 4). 
PB - Shearing-tearing along two distinctly inclined planes 
with considerable piling up of the cover plate material 
in front of the puddle weld, similar to plate bearing 
failures observed in bolted connections (Ref. 4). 
PT Transverse plate tearing across the critical section. 
The tearing may be at any angle to the applied stress. 
PP - Parent plate tearing around the weld (which occurred 
only for light gage parent plates). 
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PL - Out of plane plastic deformations, which may accom-
pany the other modes of failure. 
WS - Shearing of the weld material. 
WP - Longitudinal weld failure by a peeling action due to 
bending of the cover plate. 
2.3 List of Symbols 
ay - yield stress of cover plate material. 
a
ult - ultimate stress of the cover plate material. 
A - total cross-sectional area of the cover plates. 
c 
t - thickness of the cover plate minus the thickness of 
galvanizing 
L = for transverse and puddle welds: 2 x average weld length 
(average weld length for puddle welds taken as TI average 
effective weld diameter) 
L = for longitudinal welds: 4 x average weld length. 
L. - average length of weld for transverse welds (one weld 
1 
length) 
La - average length of weld for longitudinal welds (one weld 
length) 
Py - yield load (per weld) 
P
ult - ultimate load (per weld) 
pI - total yield load of the specimen. y 
P~lt - total ultimate load of the specimen. 
a
wy - nominal strength based on yield load and weld length. 
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cr - nominal strength based on ultimate load and weld length. 
wu 
cr = P fL·t 
wu ult 
cr - nominal strength based on yield load and total cross-
ay 
sectional area. 
cr = P fA 
ay y c 
cr - nominal strength based on ultimate load and total cross 
au 
sectional area. 
% Difference = Actual - Predicted x 100 Predicted 
2.4 Prediction Eguations 
All the strength prediction formulas are given for one weld. 
For multiple welds the total load carrying capacity is to be 
found by multiplying the single weld strength by the number of 
welds expected to fail. 
7 
3. Test Results 
3.1 General 
In this report the test results are presented in the form 
of dimensionless stress ratios. For the complete sets of data 
used to obtain these ratios, References 1 through 3 should be 
consulted. The dimensionless stress ratios are arrived at by 
forming an appropriate nominal stress based on the yield or 
ultimate load obtained by a test specimen and dividing it by the 
yield or ultimate stress of the cover plate material. 
Since one of the design variables for most types of welded 
connections will be either the length of welds or the cross-
sectional area of the cover plates, one of these two quantities 
will be used in the formulation of each of the four nominal 
stresses that will be used. The two nominal stresses to be 
used that are based on the length of welds are: 
cr = PI/Lot 
wy y (1) 
and 
crwu 
= pI /L-t 
u1t (2) 
where P y and Pu1t are the observed yield load and ultimate load, 
respectively, obtained by a test specimen having a thickness t 
and length of weld D. The specimen thickness, t, is the cover 
plate thickness minus the thickness of galvanizing, and the 
length of weld, L, will be defined later for each weld type. 
The other two nominal stresses that will be used are based on 
the total cross-sectional area of the cover plates as follows: 
and 
a 
ay pI/A Y c 
a =: PI/A, 




where the total cross-sectional area, A , will be defined later 
c 
for each weld type. 
One of the objectives of this report is to present a com-
parison of the results of the shop welded specimens to the field 
welded specimens. Table 2 gives a comparison of the averaged 
stress ratios based on ultimate specimen load and length of 
specimen welds for the weld groups which had both shop and field 
welded specimens. The terms in the percent difference columns 
were formed by subtracting the field welded average stress 
ratio from the corresponding shop welded average stress ratio, 
dividing this difference by the shop welded average stress 
ratio and then multiplying by 100. From an examination of the 
data available on the weld procedures used in making the test 
specimens, it was seen that for the field welded specimens the 
burn off rates were between 10 to 25 percent higher than they 
were for the shop welded specimens. The time of weld for the 
field welded specimens was shorter, by widely varying percen-
tages, than the time of weld for the shop welded specimens. 
The comparisons in Table 2 will be discussed below for each 
of the various weld groups. 
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3.2 Transverse Fillet Welds 
3.2.1 Flat Sheet Cover Plates 
The primary mode of failure for the transverse fillet weld 
connections with flat sheet cover plates was tearing of the 
cover plate along the contour of the weld, PC. In some cases, 
when the cover plates were transversely welded with long welds 
to parent plates made of the same gage material, there was sub-
stantial out of plane plastic deformations noted. Also, in a 
few cases of the field welded 12 gage cover plates to 12 gage 
parent plates, there was some weld shearing, WS, observed as a 
secondary mode of failure. A possible reason for the presence 
of the weld shear in these specimens is that the throat of the 
weld was less than the thickness of the cover plate while in 
almost all other transverse welded flat sheet cover plates, the 
throat of the weld was as thick or thicker than the cover plate. 
In a few of the full length welds transverse plate tearing, PT, 
was noted as a secondary mode of failure. The test results for 
transverse welded flat sheet connections are given in Tables 3A 
and 3B. In these results, the only nominal stresses used were 
a and a which are based on the length of weld because the 
wy wu 
failure modes observed for these connections indicated that the 
length of weld was the important parameter. For these connec-
tions, the length of weld, L, is two times the average weld 
length. Plots of the stress ratios versus the average weld 
length, figures lA through lD, indicate that the shorter welds 
are slightly more effective per inch of weld than the long 
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welds. A possible reason for this fact is that when these 
specimens failed they tore the cover plate material around the 
weld so that the line of failure was a little longer than the 
actual weld length. A comparison of the stress ratios for the 
field and shop welded transverse fillet welded flat sheet indi-
cates only small strength differences between the two. 
3.2.2 Channel Section Cover Plates 
As it was for the flat sheet transverse fillet welded con-
nections, the primary mode of failure for the channel section 
transverse fillet weld connections was plate tearing along the 
contour of the weld. Weld peeling, WP, and out of plane plas-
tic deformations were noted as secondary modes of failures in 
some of the channel section connections. Tables 4A and 4B give 
the test results for the channel section transverse fillet 
welded connections, again only stress ratios based on a and 
wy 
a are given, and for the same reasons as for the flat sheet 
wu 
sections. The thickness of welds in these connections averaged 
about two plate thicknesses, but the thickness, t, used in the 
calculations is still the thickness of the cover plate minus 
galvanizing. Plots of the stress ratios versus average weld 
length, Figures 2A through 2D, indicate that on the average the 
shorter welds are slightly more effective per inch of weld than 
the longer welds, but the experimental scatter is much greater 
for the short welds. In one group of shop welded connections, 
E A/B 18/7 C, the results were widely scattered and well below 
the average values indicated by the rest of the transverse 
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welded channel section connections, sec Figures 2B and 21). The 
most likely cause for the low strength values for this group or 
welds is that these connections were badly burnt at the corner 
where the welding arc was struck. This burning substantially 
weakened the cover plate metal at the edge of the weld which is 
a point of high stress concentration, therefore, leading to a 
premature failure. The comparison of the shop to the field 
welded connections with the transversely welded channel section 
cover plates shows that except for the group of shop welded 
specimens just discussed, the results were fairly close. 
Per inch of weld channel section cover plates were about 
20% weaker than flat sheet cover plates for use with transverse 
fillet welds. One reason for this mentioned in Reference 1 is 
that due to the configuration of the channel section cover plate 
and the height of the welds in these connections, there is a 
slight eccentricity introduced. The eccentricity would induce 
some bending moment in the connection thus reducing the ultimate 
load the connection is capable of obtaining. Another possible 
reason is that the weld is applied to the bend in the channel 
which is an area that has been cold worked to a high degree and 
therefore is more susceptible to the adverse effects of stress 
concentrations than a flat section. 
3.3 Longitudinal Fillet Welds 
3.3.1 Flat Cover Plates 
The primary modes of failure noted in the flat sheet longi-
tudinal fillet welded connections were weld shearing, WS, plate 
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tearing along the contour of the welds, PC, and transverse 
plate tearing, PT. The experimental results for the flat sheet 
longitudinal fillet welded connections are given in Tables SA 
through SD. The length of weld, L, for these connections is 
4 times the average weld length since there are two welds per 
cover plate and two cover plates per connection. The total 
cross-sectional area of cover plate, A , is the sum of the 
c 
width times the bare metal thickness of both cover plates. For 
the weld groups with an average weld length greater than 2.4 
inches, the mode of failure of the connection was transverse 
plate tearing. When these connections failed by transverse 
plate tearing the tear always started at the corner of one of 
the welds and propagated to the corner of one of the welds on 
the other edge of the cover plate. For the longitudinally 
welded flat sheet connections with an average weld length of 
less than 2 inches, there was in most cases mixed modes of 
failures with weld shearing, WS, or plate tearing along the con-
tour of the weld, PC, as the primary mode of failure and all 
were accompanied by out of plane plastic deformations. For the 
same length of weld there were no differences in the stress 
ratios for the specimen groups that failed primarily by plate 
tearing along the contour of the weld. Plots of the stress 
ratios versus average weld length are given in Figures 3A 
through 3D. It is seen from these graphs that a straight line 
does not approximate the average values of the data as well as 
a straight line did for the transverse fillet welds. This is 
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not unexpected since the longer weld groups are dependent on 
the cross-sectional area of cover plates as well as the length 
of weld for determining the ultimate strength of a connection. 
It is also noted from the plots that the short welds are much 
more effective per inch of weld than the intermediate length 
welds. Shop welded connections were on the average about 15% 
stronger than the field welded connections. 
3.3.2 Channel Section Cover Plates 
The primary modes of failure noted in the channel section 
longitudinal fillet welded connections were weld shearing, WS, 
plate tearing along the contour of the weld, PC, and transverse 
plate tearing, PT. Tables 6A through 6D give the test results 
for the channel section longitudinal fillet welded connections. 
The weld length, L, is 4 times the average weld length for 
these connections. The cross-sectional area, A , is the sum of 
c 
the bare metal thickness, t, times the width of the web, plus 
two times the height of the flange, minus the thickness, t, for 
each of the two cover plates. Transverse plate tearing was the 
mode of failure of the connections with an average weld length 
of 2.9 inches or greater. When these connections failed by 
transverse plate tearing the tear started at the corner of one 
of the welds and propagated up the flange and also across the 
web to the corner of the welds on the other edge of the channel 
section. For the longitudinal welded channel welded connec-
tions with an average weld length less than 1.75 inches, the 
primary mode of failure was either weld shearing or plate 
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tearing along the contour of the weld. There was much less out 
of plane plastic deformations with the channel section cover 
plates than the flat sheet cover plates when they were longi 
tudinally welded. Plots of the stress ratios versus average 
weld length are given in Figures 4A through 4D. The results of 
the channel section cover plate longitudinal welded connection 
plates are given ln a similar fashion to those with flat sheet 
cover plates and for the same reasons. Table 2 indicates that 
the shop welded connections were about 10% stronger per inch of 
weld than the field welded connections. 
Comparison of the longitudinally welded connections shows 
that, for the specimens where the weld length was not long 
enough to cause transverse plate tearing, the welds of the 
channel section cover plates were on the average 1.75 times 
stronger per inch of weld than the flat sheet cover plates. 
One reason is that the area of cover plate per inch of weld 
actually welded to and the amount of weld material was much 
more for the channel section cover plates. Another factor which 
may have contributed to a small extent is that the channel sec-
tions had much less out of plane plastic deformation than did 
the flat sheet cover plates when longitudinally welded. 
3.4 Puddle Welds 
The primary modes of failure noted for the single sheet 
cover plate and double sheet cover plate puddle welded connec-
tions ranged from cover plate failures caused by the weld plugs 
shearing and plowing through the cover plate, PS and PB, to 
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plate shearing around the contour of the weld, PC, to weld 
shearing, WS. The test results for both the single and double 
cover sheet puddle welds have a much wider scatter than the 
results for any of the four fillet weld types already discussed. 
The quality of the puddle weld, especially the field welded 
ones, was in many cases very poor. There were some connections 
with welds that were so badly burnt that there was no area of 
fusion of weld material to cover plate left, while on the other 
hand, there were connections where the weld penetration was so 
poor that the area of fusion to the parent plate was almost 
nonexistent. The burnt welds were usually found among the 
thinner 28 gage connections, but there were some burnt welds in 
the thicker connections such as one 12 gage single sheet and 
two 18 gage double sheet connections. The failure mode noted 
for connections with burnt welds was shearing of the small 
amount of fused areas around the perimeter of the weld. Poor 
weld penetration was noted in many of the thicker puddle weld 
connections such as some of the 18 gage double sheet connections 
and all of the 12 gage double sheet connections. The failure 
mode in these connections was shearing of the weld area between 
the cover plate and parent plate. The puddle weld connections 
that did not have weld failures behaved like bolted connections. 
The biggest difference between the puddle weld and the bolt is 
that the puddle weld develops tensile forces on the front half 
of the weld to plate interface, whereas the bolt does not. In 
the puddle welded connections, which did not fail by weld 
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failure, the failure initiated by plate tearing at the contour 
of the front part of the weld and then the failure would pro-
gress in one of two ways. One way the failure progressed is 
that the cover plate would then fail by transverse plate tearing. 
The other way the failure progressed is that the weld would 
then plow its way through the cover plate longitudinally shear-
ing it along two lines which normally were parallel and approxi-
mately one weld diameter apart. The test results of the single 
sheet and double sheet puddle welds are given in Tables 7A 
through 7D and BA through BD. The average length of weld, used 
in determining the weld length, L, was given as TI times an 
average effective diameter, d. The average effective diameter 
e 
used for the calculations in this report are 
d = d - t 
e 
for 12 and 14 gage (Sa) 
d = d -
e 
2t for 18 gage (Sb) 
d = d - 4t for 28 gage ( Sc) e 
where d was the average diameter of the puddle weld. These 
effective diameters were arrived at by cutting and etching 
puddle weld connections which had failed in failure modes other 
than weld shearing. 
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4. Possible Ultimate Load Prediction Formulas 
4.1 General 
In this section formulas for predicting the load carrying 
capacity of welded sheet metal connections of the types tested 
will be discussed. These formulas will be arrived at from 
examination of the test results. These prediction formulas can 
be made into design formulas by the application of an appropri-
ate factor of safety. The prediction formulas given will pre-
dict ultimate load for a single weld. The ultimate load for 
the whole connection can be found by mUltiplying the single 
weld ultimate load by the number of welds expected to fail. 
The first fact that the results point out is that there is 
no single prediction formula for the different weld types 
tested. Any efficient design procedure would have different 
design formulas for the different weld types. All the formulas 
that will be proposed will be ultimate strength formulas. It 
is neeessary to use ultimate strength formulas because, ln many 
cases, a yield load was not obtained while in all cases an 
ultimate load was obtained. Another reason for not using the 
yield load is that the yield loads were obtained from observa-
tion and were not as well defined as the ultimate load. 
4.2 Transverse Fillet Welds 
A load prediction formula for the flat sheet transverse 
fillet welds is easily arrived at directly from the results of 
Figures IA through ID. The same is true for the channel sec-
tion transverse fillet welds from the results of Figures 2A 
through 2D. For both types of transverse fillet welded connec-
tions, the results can be best approximated by a straight line, 
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and the amount of scatter is less on the graphs with Cult in 
the denominator of the stress ratios. 
For the flat sheet transverse fillet welds, the straight 
line for the 12 gage connections, Figure Ie, is very close to 
the line for the 18 gage connections, Figure lD. The predic-
tion formula arrived at from these lines is: 
(6) 
where L. is the length of the weld and where the width of the 
1 
cover plate, w, is introduced in order to nondimensionalize the 
term representing the slope of the line. Table 9 contains the 
percent difference between the actual ultimate load and the 
ultimate load predicted by equation 6 for all the flat sheet 
transverse fillet weld connections. As can be seen from Table 
9, the percent difference is small in almost all the test con-
nections. The sign on the percent difference indicates if the 
predicted ultimate load is conservative or not. Positive is 
conservative, negative is unconservative. The slope term in 
equation 6, (0.2 L./w), does not have a significant effect, 
1 
therefore the following simple load prediction formula may be 
used: 
(6a) 
The percent difference between the actual ultimate load and the 
ultimate load predicted by equation 6a for all the flat sheet 
transverse fillet weld connections are also given in Table 9. 
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the percent differences using equation 6 are better. 
The ultimate load prediction formula obtained from the 
straight lines of Figures 2C and 2D for the channel section 
transverse fillet weld connections is: 
(7) 
where w is again the width of the cover plate. Table 10 con-
tains the percent difference between the actual ultimate load 
and the ultimate load predicted by equation 7 for all the chan-
nel section transverse fillet weld connections. Except for the 
shop welded E AlB 18/7 C group, the poor performance of which 
was discussed in the previous section, the percent difference 
is small for almost all the test connections. As it was for 
the flat sheet transverse fillet welds the slope term in the 
load prediction formula for the channel section transverse 
fillet welds, equation 7, is again small. Therefore a simpler 
load prediction formula that may be used in the place of equa-
tion 7 for the channel section transverse fillet welds is: 
(7a) 
The percent difference between the actual ultimate load and the 
ultimate load predicted by equation 7a for the channel section 
transverse fillet weld connections are also given in Table 10. 
The percent differences using equation 7a are about as large 
as those obtained by using equation 7. 
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The ultimate strength prediction formulas for the two 
classes of transverse fillet welds, equations 6, 6a, 7, and 7a, 
assume the mode of failure will be plate tearing along the 
contour of the weld. This will be the case as long as the 
welds have a throat dimension equal to or greater than the cover 
plate thickness and the weld material has an ultimate strength 
equal to or greater than that of the cover plate. If these two 
criteria are not met in a connection, then a check on weld 
strength would have to be made. The ultimate strength formulas 
given assume good welding procedures have been followed in 
order to insure high quality welds. 
4.3 Longitudinal Fillet Welds 
Unlike the flat sheet and channel section transverse fillet 
welds, the test results plotted in Figures 3A through 3D and 
4A through 4D for the flat sheet and channel section longitudi-
nal fillet welds do not immediately suggest load prediction 
formulas. The reason for this is that after a certain weld 
length is reached, the primary design variable changes from the 
length of weld to the cross-sectional area of cover plate. The 
fact that the cross-sectional area becomes a primary strength 
determining variable for the longer weld groups of the longitu-
dinal groups is evidenced by the fact that as the welds become 
longer the primary mode of failure changes from plate tearing 
along the contour of the weld or weld shearing, to transverse 
plate tearing. It would then seem reasonable that there will 
be two load prediction formulas for each of the flat sheet and 
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channel section longitudinal fillet welds. One formula would 
depend on the length of weld while the other would depend on 
the cross-sectional area of cover plates. 
For the flat sheet, longitudinal fillet welds where the 
average weld length was long enough to cause the connection to 
fail by transverse plate tearing the load prediction formula 
is: 
(8) 
where A is again the cross-sectional area of the cover plates. 
c 
Table 11 contains the percent difference between the actual 
ultimate load and the ultimate load predicted by equation 8 for 
all the flat sheet longitudinal weld connections which failed 
by transverse plate tearing. The percent differences given in 
Table 11 are good and in almost all cases conservative. As 
indicated by the dashed line in Figure 5, even in the connec-
tions where the welds are long enough to cause transverse plate 
tearing, increasing weld length further may help increase the 
reduction factor of 0.8 in equation 8 closer to the desired 
value of 1.0. 
The plot of Figure 6 shows that the results for the flat 
sheet longitudinal fillet welds, that failed by plate tearing 
along the contours of the weld, can be approximated by a 




where L is the length of one of the welds. This equation 
a 
assumes there are two welds, one on either edge of the cover 
plate. Table 11 contains the percent difference between the 
actual and the predicted ultimate loads using equation 9 for 
the flat sheet longitudinal weld connections which failed by 
plate tearing around the contour of the weld. The percent 
differences are again very good. The problem with equation 9 
is that the width, w, used to nondimensionalize the slope term 
is not always an easily definable t~rm in many applications of 
longitudinal fillet welds. In Figure 7, the results plotted in 
Figure 6 are replotted but now the abscissa is the average weld 
length divided by the thickness of cover plate. The results on 
this plot can again be approximated by a straight line, thus 
giving a second prediction formula for the flat sheet longitu-
dinal fillet welds that failed by plate tearing of the contour 
of the weld being: 
L 
P L tel 0 0.0114 ~) ult = °ult a . - t (10) 
The percent difference for these welds using equation 10, given 
in Table 13, are fairly good but they are not quite as good as 
the percent differences obtained by using equation 9. Still 
equation 10 is the more logical formula and should probably be 
the recommended one. 
The remaining question to be answered before predicting 
the ultimate load of a flat sheet longitudinal fillet weld 
connection is whether to use the equation based on cross-
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sectional area, equation 8, or to use one of the equations 
based on the length of a weld, equation 9 or 10. In the con-
nections tested, the equation based on cross-sectional area 
applied when the plates failed by transverse plate tearing 
which happened when: 
2eave. weld length)/w ~ 1.6 (11) 
and equation 9 or 10 applied when the plates failed by plate 
tearing along the contours of the weld which happened when: 
2eave. weld length)/w ~ 1.33 (12) 
A simpler solution to this question is to use both equations 
(i.e., 8 and 9 or 8 and 10), and take the smaller of the two 
values for the ultimate load. 
For the channel section, longitudinal fillet welds where 
the average weld length was long enough to cause the connection 
to fail by transverse plate tearing, the load prediction for-
mula is: 
(13) 
Table 14 contains the percent difference between the actual 
ultimate load and the ultimate load predicted by equation 13 
for the channel section longitudinal fillet welds which failed 
by transverse plate tearing. The percent differences given in 
Table 14 are all less than 7%. 
The graph of Figure 8 shows that the results for the chan-
nel section longitudinal fillet welds that failed by plate 
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tearing along the contour of the weld or weld shearing, can he 
approximated hy a strnight line. The load prC'dictioll formula 
obtained from this line is: 
L 
a 0
ult Lat(2.2 - 3.2 wt 
(14 ) 
where La 1S defined the same as it was for equation 9 and wt is 
a total width defined by: 
w = w + 2(h - t) t (15 ) 
The term w is the width of the web and h is the height of the 
flange. Table 15 contains the percent difference between the 
actual ultimate load and the ultimate load predicted by equa-
tion 14 for the channel section longitudinal fillet weld connec-
tions which failed by plate tearing along the contour of the 
weld or weld shearing. The percent difference for most all 
connections is small. 
When predicting the ultimate load capacity of a channel 
section longitudinal fillet weld connection, a criteria should 
be devised to decide whether the equation based on cross-sec-
tional area, equation 13, or the equation based on weld length, 
equation 14, should be used. In the connections tested here, 
the equation based on cross-sectional area applied when the 
plates failed by transverse plate tearing which happened when: 
2eave. weld length)/wt ~ 1.29 (16) 
and the equation based on weld length applied when the plates 
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failed by weld shearing, or plate tearing along the contour of 
the weld which happened when: 
2(ave. weld length)/wt S 0.76 
As before, the simple solution is to use both equations and 
take the lesser of the two values for the ultimate load. 
(17) 
All the prediction formulas given for the two classes of 
longitudinal fillet welds, equations 8, 9, 10, 13 and 14, assume 
an adequate weld thickness and an ultimate strength of weld 
material greater than that of the cover plate material. For 
the flat sheet cover plate connections, an adequate thickness 
of weld assumes a weld of equal or greater thickness than the 
plate while, for the channel section cover plates, the thick-
ness of weld assumed is two times the thickness of plate. Again 
it is assumed that good weld procedures have been followed in 
order to insure high quality welds. 
4.4 Puddle Welds 
Due to the poor welds in some of the single and double 
sheet puddle welds, and the large scatter in the results of the 
rest, the obtaining of load prediction formulas for these welds 
will not be as straightforward as it was for the fillet welds. 
It is felt that in the connections that failed by weld shearing, 
the failure could be attributed to either poor weld penetration 
or weld burning. Proceeding under this assumption, the weld 
groups which failed by weld shearing will not be considered in 
obtaining a load prediction formula. Doing this leaves too few 
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data points to be able to obtain a load prediction formula for 
the double sheet puddle welds; therefore, one will not be recom-
mended but with more data points one may be obtained [or the 
double sheet puddle welds in the same fashion as is done below 
for the single sheet puddle welds. The 12 gage cover plate 
group waS the only group of single sheet puddle welds which 
failed by weld shearing due to poor weld penetration. There-
fore, this group will not be considered in obtaining a load 
prediction formula for the single sheet puddle welds. 
Figure 9 plots the results of the single sheet puddle 
welds, excluding the 12 gage group, with the abscissa being the 
effective diameter, d , divided by the thickness, t. The effec-
e 
tive diameters for the different gage cover plates are defined 
by equations Sa through Sc of the previous section. The results 
in this plot have a large scatter but can best be approximated 
by a straight line giving the load prediction formula: 
d 
P
ult : nde tault (0.90 - 0.015 :) (18) 
Table 16 contains the percent difference between the actual 
ultimate load and the ultimate load predicted by equation 18 
for the single sheet puddle weld groups other than the 12 gage 
group. It is seen from Table 16 that the percent differences 
are not as good as they were for the fillet weld groups, but 
on the most part, they are not bad. About 20 percent of the 
28 gage connections have a percent difference which is large 
and nonconservative. A possible reason these couple of connec-
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tions behaved so poorly is that their weld may have hCl~n burnt. 
Being burnt, these connections would have behaved more as 
loosely riveted connections, with the weld washers acting as a 
rivet head, rather than as a welded connection which can build 
up tensile forces on the front half of the weld. As it is for 
the other prediction formulas, equation 18 assumes that the 
weld material has an ultimate stress that is high enough to 
cause the cover plates to fail. 
Table 17 contains the percent difference between the actual 
ultimate load and the ultimate load predicted by equation 18 
for the 12 gage group of single sheet puddle welds which had 
failed prematurely because of the poor weld penetration. The 
percent differences for this group averaged greater than -50 
percent. The poor performance of all the 12 gage and 20 percent 
of the 28 gage single sheet puddle weld connections indicates 
that equation 18 is only applicable for connections with good 
welds. Equation 18 was also used to predict the ultimate loads 
of the double sheet puddle welds, the results of which are 
given in Table 18, to see how they performed. The predicted 
loads were higher than the actual loads in all cases but the 
percent differences for the double sheet connections which had 
good weld penetration was not large. The percent differences 
for all the 12 gage and about 40 percent of the 18 gage double 
sheet puddle welds were very high, being as high as -86 percent 
for one of the 12 gage double sheet puddle welds. The poor 
performance of this high percentage of the single and double 
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sheet puddle welds, which were made with controlled weld proce 
dures, would seem to indicate that there arc definite limita 
tions to applying a load prediction [ormula Cor puudlc weld 
connections which assumes good welds. 
4.5 Summary of Possible Ultimate Load Prediction Formulas 
All the formulas given below are for the strength of one 
weld. If mUltiple welds are contemplated the load predicted 
by the formulas is to be multiplied by the number of welds ex-






Flat sheet transverse fillet welds: 
L. 
1 Pult = O"ult Li t (1.l0 - 0.20 w 
Pult = O"ultLi t 
Channel section transverse fillet welds: 
L. 
Pult = O"ultLit(0.95 - 0.18 :) 
Pult = 0.82 O"ultLit 
Flat sheet longitudinal fillet welds: 
La 
Pult = O"ult La t (1.0 - 0.0114 w 











Single sheet puddle welds (if it were possible to insure 
adequate welds): 
d 
Pult = ~aultdet(0.90 - 0.015 :) (18) 
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s. Conclusions and Recommendations 
From the test results of the welded sheet metal connec-
tions contained in this report, it is concluded that: 
I. The current specification for sheet metal connections 
made with fusion welds are inadequate. 
II. The different types of welded connections require differ-
ent design formulas for efficient design. 
III. The linear load prediction formulas glven in the preceding 
sections compare well with the test results. 
IV. The following of appropriate welding procedures is more 
critical for puddle weld connections than it is for 
fillet weld connections. 
It is recommended that: 
I. Further single and double sheet puddle weld connections 
be tested in order to determine: 
a. the effect of changing the edge distances, 
b. the effect of varying the weld diameter while uSlng 
the same thickness of cover plate, 
c. the maximum thickness of cover plates that can be 
effectively used in puddle weld connections, 
d. the behavior of puddle welds that are not round. 
II. Further tests on fillet weld connections in order to 
determine up to what thickness of cover plate the weld 
throat can be considered to be equal to the cover plate 
thickness. 
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If I. Further testing and research to determine if welding pro-
cedures can be specified and implemented in order to 
insure the high quality welds that the load prediction 
formulas in this report assume. This study would involve 
testing multiple specimens of a certain configuration 
fabricated by different welders. 
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Material Material Data From 
From Shop Welded Specimens 
A446-A 12 Ga Ref. 15 
A446-A 18 Ga Ref. 15 
A446-E 14 Ga Test on tensile 
coupons l 
A446-E 18 Ga Test on tensile 
coupons l 
A446-E 28 Ga Ref. 1 
Weld material 
E60ll 
Fleetwood 35 Ref. 1 
From Field Welded Specimens 
A446-A 12 Ga Ref. 25 
A446-A 18 Ga Ref. 25 
A446-E 28 Ga Ref. 2 
Weld material 
E60 "Fleet-






























lTest run on tensile coupons made from cover plates of previously tested 
welded specimens. 
20ver a 1 inch gage length. 
30ver a 3 inch gage length. 
40ver a 2 inch gage length. 
5Values differ by small amounts from the references because the thickness 
of the galvanizing was not accounted for in the references. 
Table 2. Comparison of Averaged Stress Ratio Values of Shop Welded and Field Welded Specimens 
Weld Group 
Designation 
Shop Welded Field Welded 
o /0 It 0 /0 0 /0 It 0 /0 wu u wu y wu u wu y 
Flat Sheet Transverse Fillet 
H A/B 12/7 P 1.03 
H A/B 18/7 P 0.96 
H A/B 12/7 C 1.12 










Channel Section Transverse 
E A/B 12/7 P 0.76 
E A/B 18/7 P 0.81 
E A/B 12/7 C 0.94 

















C A/B 18/7 J 0.51 
C A/B 12/7 C 0.95 
C A/B 18/7 C 0.94 
C A/A 18/18 J 0.46 
C A/A 12/12 F 0.77 
C A/A 18/18 F 0.61 
Channel Section 
D A/B 12/7 L 
D A/B 18/7 L 
D A/B 12/7 C 






Single Sheet Puddle Welds 
A A/B 18/7 D 0.79 
A E/B 28/7 Cl 0.38 
Double Sheet Puddle Welds 


































































A little different 
Quite different 
% Difference 

















































Table 3ft.. Shop \~e1ded Flat Sheet Transverse' Welds 
-"~-"';"'"--;:'~ 
Specimen Ave. Weld 
a /0 a /0 a /0 Mode of Designation Length (in) wy y wu u1t wu y Failure 
H A/B 12/7 PI 3.97 1.11 1.03 1.37 PC+PT 
P2 3.99 1.10 1.01 1.34 PC+PT 
PC 3.97 1.07 1.04 1.39 PC+PT 
H A/B 18/7 PI 3.98 1.05 0.906 1.24 PC 
P2 4.00 1.16 0.974 1.34 PC 
P3 4.00 1.15 1.001 1. 37 PC+PT 
H A/B 12/7 Ll 3.06 1.15 0.933 1.24 PC 
L2 3.11 1.17 0.942 1.26 PC 
L3 3.13 1.09 0.937 1. 25 PC 
H A/B 18/7 L1 2.99 1.22 0.993 1.36 PC 
L2 3.04 1.17 0.982 1.34 PC 
L3 3.00 1.12 0.928 1.27 PC 
H A/B 12/7 F1 1.57 1. 35 1.09 1.46 PC 
F2 1.54 1.43 1.12 1.49 PC 
F3 1.60 1. 37 1.03 1. 37 PC 
H A/B 18/7 F1 1.51 1.31 1.10 1.51 PC 
F2 1.54 1.31 1.09 1.49 PC 
F3 1.57 0.99 1. 36 PC 
H A/B 12/7 C1 0.99 1.48 1.17 1.56 PC 
C2 0.96 1.27 1.04 1. 38 PC 
C3 0.96 1.34 1.14 1. 52 PC 
H A/B 18/7 C1 0.89 1.50 1. 22 1.67 PC 
C2 0.94 1.31 1.19 1.63 PC 
C3 0.87 1.34 1.11 1.52 PC 
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Table 3B. Field Welded Flat Sheet Transverse Welds 
Spetimen Ave. Weld 
o /0 o /0 /0 Mode of Designation Length (in) a Failure wy y wu u1t wu Y 
H A/B 12/7 PI 3.92 1.02 0.901 1.10 PC 
P2 3.92 1.03 0.988 1.2l PC+PT 
P3 3.94 0.98 0.968 1.18 PC+PT 
P4 3.90 1.03 0.982 1. 20 PC 
H A/B 18/7 PI 3.89 1.10 0.963 1.25 PC 
P2 3.92 1.08 0.996 1. 29 PC 
P3 3.94 1.11 0.967 1. 25 PC 
P4 3.96 1.10 0.930 1. 21 PC+PL+PT 
H A/B 12/7 C1 1.09 1.10 1. 34 PC 
C2 1.07 1.14 1. 39 PC 
C3 1.13 1.14 1. 39 PC 
H A/B 18/7 C1 1.16 1.03 1. 33 PC 
C2 1.12 1.15 1.49 PC 
C3 1.19 1.12 1.45 PC 
C4 1.16 1.18 1. 53 PC 
H A/A 12/12 PI 3.83 0.984 0.823 1. 01 PC+WS+PL 
P2 3.88 0.906 0.859 1.05 PC+WS+PL 
P3 3.93 0.956 0.839 1.03 PC+WS+PL 
H A/A 18/18 PI 3.90 1.01 0.839 1. 09 PL+PC 
P2 3.88 1.04 0.819 1.06 PL+PC 
P3 3.82 1.07 0.849 1.10 PL+PC 
H A/A 12/12 C1 1.26 1.06 1. 30 PC+WS 
C2 1.14 1.02 1. 25 PC+WS 
C3 1.21 1. 03 1. 28 PC+WS 
C4 1.14 1.10 1. 35 PC+WS 
C5 1.20 1. 08 1. 32 PC 
H A/A 18/18 C1 1.12 1.14 1.48 PC 
C2 1.08 1. 20 1.55 PC 
C3 1.17 0.78 1. 01 PC 
C4 1.14 0.94 1. 22 PC+WS 
C5 1.09 1.04 1. 35 PC 
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Table 4A. Shop Welded Channel Section Transverse Welds 
Specimen Ave. Weld /0 Ci /a o /0 Mode of ilesignation Length (in) a F ,I i I un.' wy y wu ult wu y 
E A/B 12/7 PI 4.00 1.00 0.752 1.00 PC 
P2 3.99 1.00 0.752 1.00 PC 
P3 3.99 0.99 0.765 1.02 PC 
E AlB 18/7 PI 3.86 1.14 0.828 1.14 PC 
P2 3.98 1.11 0.814 1.12 PC 
P3 3.99 1. 08 0.790 1.08 PC 
E A/B 12/7 L1 3.01 1.11 0.833 1.11 PC 
L2 3.00 1.11 0.836 1.11 PC 
L3 3.02 1.11 0.831 1.11 PC 
E AlB 18/7 L1 3.13 1.01 0.803 1.10 PC 
L2 3.01 1.05 0.840 1.15 PC 
L3 2.96 1.14 0.862 1.18 PC 
E A/B 12/7 F1 1.51 1.05 0.786 1.05 PC 
F2 1.55 0.85 0.639 0.85 PC 
F3 1.57 1.12 0.850 1.13 PC+WP 
F6 1. 51 0.96 0.860 1.15 PC+WP 
E A/B 18/7 F1 1.50 0.98 0.714 0.98 PC 
F2 1.52 1.32 0.979 1.34 PC 
F3 1.52 1. 08 0.791 1. 08 PC 
E A/B 12/7 C1 0.95 1.22 0.913 1.22 PC+WP 
C2 0.85 1.27 0.955 1.27 PC+WP 
C3 0.90 1.28 0.962 1. 28 PC+WP 
E AlB 18/7 C1 0.94 0.590 0.431 0.590 PC 
C2 0.89 0.893 0.652 0.893 PC 
C3 0.94 1.053 0.769 1.053 PC 
C4 0.87 0.694 0.507 0.694 PC 
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Table 4B. Field Welded Channel Section Transverse Welds 
-- --=~ -==--~-=-==-. 
Specimen Ave. Weld /0 o /0 I /0 Mode of Designation Length (in) 0 0 Failure wy y wu ut wu Y 
E A/B 12/7 PI 3.85 1. 01 0.829 1.01 PC 
P2 3.87 0.835 1. 02 PC 
P3 3.88 0.835 1.02 PC 
E A/B 18/7 PI 3.84 0.804 1. 04 PL+PC 
P2 3.91 1.07 0.822 1.07 PC 
P3 3;86 1.08 0.828 1.08 PL+PC 
E A/B 12/7 C1 1.08 1.43 1.17 1.43 PL+PC 
C2 1.10 1.27 1.04 1.27 PL+PC 
C3 1.15 1. 26 1.03 1. 26 PL+PC 
C4 1. 22 1.14 0.93 1.14 PL+PC 
C5 1.21 1.17 0.94 1.17 PL+PC 
E A/B 18/7 C1 1.04 1. 37 1.06 1.37 PL+PC 
C2 1.06 1. 34 1.03 1. 34 PL+PC 
C3 1.09 1.22 0.94 1.22 PL+PC 
C4 1.02 1.45 1.11 1.45 PL+PC 
C5 1.15 1.31 1.01 1. 31 PL+PC 
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Table SA. Shop Welded Flat Sheet Longitudinal Welds 
=:::: ... -
Specimen Ave. Weld 
a /0 a /0 a /0 Mode of Designation Length (in) wy y wu ult wu y Failure 
C A/B 12/7 J1 2.52 0.636 0.561 0.747 PT 
J2 2.56 0.638 0.557 0.741 PT 
C A/B 18/7 J1 2.46 0.638 0.534 0.732 PT 
J2 2.51 0.558 0.487 0.668 PT 
C A/B 12/7 F1 1.57 0.925 0.790 1.05 PC+PL 
F2 1.65 0.950 0.782 1.04 PC+PL 
F3 1.64 0.978 0.781 1. 04 PC+PL 
F4 1.62 0.994 0.797 1.06 PC+PL 
C A/B 18/7 F1 1.40 0.966 0.711 0.974 WS+PC+PL 
F2 1.46 0.938 0.700 0.959 WS+PC+PL 
F3 1.41 1.021 0.767 1.051 WS+PC+PL 
F4 1.43 0.968 0.711 0.974 WS+PC+PL 
C A/B 12/7 C1 1.09 1.23 0.958 1.28 WS+PL 
C2 1.12 1.05 0.941 1. 25 WS+PL 
C3 1.15 1.11 0.972 1.30 WS+PL 
C4 1. 22 0.931 1. 24 WS+PL 
C A/B 18/7 Cl 0.81 1.30 0.960 1.31 PC+PL+WS 
C2 0.91 1.27 0.928 1.27 PC+PL+WS 
C3 0.87 1.29 0.945 1.30 PC+PL+WS 
C4 0.93 1.18 0.908 1.24 PC+PL+WS 
C A/A 12/12 Fl 1.44 0.776 1.03 WS+PL 
F2 1.52 0.774 0.99 WS+PL 
F3 1.56 0.822 0.764 1.02 WS+PC+PL 
F4 1.52 0.876 0.774 1.03 WS+PC+PL 
F5 1.52 0.836 0.798 1.06 WS+PC+PL 
C A/A 18/18 F1 1.59 0.587 0.804 PC+PL 
F2 1. 59 0.594 0.813 PC+PL 
F3 1.52 0.887 0.650 0.891 PC+PL 
F4 1.59 0.845 0.618 0.847 PC+PL 
C A/A 18/18 J1 2.51 0.627 0.489 0.670 PT 
J2 2.64 0.588 0.429 0.588 PT 
J3 2.66 0.610 0.458 0.628 PT 
J4 2.66 0.574 0.453 0.621 PT 
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Table 5B. Shop Welded Plat Sheet Longitudinal Welds 
--
~ .. ::;:;-:.;=----=-=--:=-= ':::""::-=--= =-:~:=-:::·"r::-=-~ ~.~..;::;.::z.-.:::::~-::.=-=-=-:-:, = :~.:; =.~::: ::.-=:.;:".:; ~ 
Specimen A Cin2) /0 a /0 o /0 Mode of Designation 0 Failure c ay y au u1t au y 
C A/B 12/7 J1 0.642 1.07 0.941 1.25 PT 
J2 0.637 1.10 0.928 1.24 PT 
C A/B 18/7 J1 0.290 1. 05 0.879 1.20 PT 
J2 0.287 1.01 0.826 1.13 PT 
C A/B 12/7 F1 0.643 0.965 0.824 1.10 PC+PL 
F2 0.639 1.05 0.858 1.14 PC+PL 
F3 0.638 1.07 0.859 1.14 PC+PL 
F4 0.635 1.08 0.866 1.15 PC+PL 
C A/B 18/7 Fl 0.293 0.914 0.672 0.921 WS+PC+PL 
F2 0.288 0.925 0.686 0.939 WS+PC+PL 
F3 0.292 0.966 0.725 0.994 WS+PC+PL 
F4 0.288 0.922 0.678 0.929 WS+PC+PL 
C A/B 12/7 C1 0.641 0.897 0.697 0.929 WS+PL 
C2 0.636 0.794 0.709 0.945 WS+PL 
C3 0.641 0.847 0.745 0.992 WS+PL 
C4 0.641 0.758 1.010 WS+PL 
C A/B 18/7 C1 0.293 0.711 0.525 0.720 PC+PL+WS 
C2 0.294 0.779 0.568 0.779 PC+PL+WS 
C3 0.293 0.753 0.550 0.753 PC+PL+WS 
C4 0.295 0.735 0.566 0.776 PC+PL+WS 
C A/A 12/12 F1 0.635 0.750 1.00 WS+PL 
F2 0.641 0.755 1.01 WS+PL 
F3 0.632 0.860 0.799 1. 07 WS+PC+PL 
F4 0.638 0.893 0.789 1.05 WS+PC+PL 
F5 0.638 0.852 0.813 1. 08 WS+PC+PL 
C A/A 18/18 F1 0.289 0.626 0.858 PC+PL 
F2 0.286 0.634 0.868 PC+PL 
F3 0.288 0.908 0.666 0.912 PC+PL 
F4 0.288 0.908 0.664 0.909 PC+PL 
C A/A 18/18 J1 0.288 1.05 0.818 1.12 PT 
J2 0.281 1.04 0.760 1.04 PT 
J3 0.288 1.09 0.819 1.12 PT 
J4 0.288 1.03 0.813 1.11 PT 
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Table 5C. Field Welded Flat Sheet Longitudinal Welds 
Specimen Ave. Weld 
o 10 o 10 It o 10 Mode of Designation Length (in) wy y wu u wu y Failure 
C AlB 12/7 PI 3.64 0.419 0.394 0.483 PT 
P2 3.73 0.419 0.388 0.476 PT 
P3 3.61 0.427 0.408 O.SOO PT 
C AlB 18/7 J1 2.81 0.520 0.423 0.549 PT 
J2 2.91 0.517 0.430 0.558 PT 
J3 2.91 0.517 0.435 0.565 PT 
J4 2.77 0.550 0.462 0.600 PT 
J5 2.78 0.508 0.419 0.544 PT 
C AlB 17/2 C1 1.26 0.834 1.02 PL+PC+WS 
C2 1. 31 0.883 1.08 PL+PC+WS 
C3 1.24 0.858 1.04 PL+PC+WS 
C4 1.17 0.930 1.14 PL+PC+PT+WS 
C5 1.15 0.910 1.11 PL+PC+PT+WS 
C AlB 18/7 C1 1.09 1.04 0.807 1. OS PL+PC+WS 
C2 1.04 1.01 0.791 1.03 PL+PC+PT 
C3 1.02 0.769 1.00 PL+PC+PT 
C4 1.10 1.01 0.784 1.02 PL+PC+WS 
C5 1.17 1.03 0.811 1.05 PL+PC 
C AlA 18/18 J1 2.52 0.613 0.485 0.629 PT+WP+PL 
J2 2.46 0.639 0.494 0.642 PL+PT+WP+PP 
J3 2.46 0.639 0.512 0.665 PL+PT 
J4 2.57 0.629 0.485 0.629 PL+PT 
J5 2.54 0.613 0.472 0.613 PL+PT 
C AI A 12/12 PI 1.64 0.667 0.817 PL+PT+WP+WS 
P2 1.60 0.687 0.841 PL+PT+WP+WS 
P3 1.62 0.665 0.814 PL+PT+WP+WS 
F4 1.65 0.669 0.820 PL+PT+WP+WS 
C AlA 18/18 PI 1.80 0.738 0.568 0.738 PL+PT+PC+WP 
F2 1.82 0.589 0.765 PL+PT+PC+WP+PP 
F3 1.83 0.594 0.771 PL+PT+PC+WP 
P4 2.00 0.723 0.560 0.727 PL+PT+PC+WP 
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Tahlc SD. Field Welded Flat Sheet ·Longitudina1 Welds 
Specimen A Cin2) /0 o /0 It /0 Mode of Designation 0 0 Failure c ay y au u au y 
C A/B 12/7 PI ·0.636 1.02 0.956 1.17 PT 
P2 0.634 1. 05 0.972 1.19 PT 
P3 0.635 1. 03 0.985 1. 21 PT 
C A/B 18/7 J1 0.299 0.98 0.795 1.03 PT 
J2 0.300 1. 00 0.835 1. 09 PT 
J3 0.299 1.01 0.841 1.09 PT 
J4 0.299 1.02 0.857 1.11 PT 
J5 0.299 0.94 0.779 1. 01 PT 
C A/B 12/7 C1 0.633 0.704 0.863 PL+PC+WS 
C2 0.634 0.774 0.949 PL+PC+WS 
C3 0.635 0.708 0.868 PL+PC+WS 
C4 0.634 0.728 0.890 PL+PC+PT+WS 
C5 0.635 0.699 0.856 PL+PC+PT+WS 
C A/B 18/7 C1 0.288 0.756 0.587 0.763 PL+PC+WS 
C2 0.288 0.698 0.548 0.713 PL+PC+PT 
C3 0.288 0.523 0.679 PL+PC+PT 
C4 0.288 0.743 0.575 0.746 PL+PC+WS 
C5 0.288 0.801 0.633 0.82l PL+PC 
C A/A 18/18 J1 0.288 1.03 0.815 1. 08 PT+WP+PL 
J2 0.288 1.05 0.810 1. 05 PL+PT+WP+PP 
J3 0.288 1.05 0.840 1.09 PL+PT 
J4 0.288 1.08 0.829 1. 08 PL+PT 
J5 0.288 1.04 0.799 1. 04 PL+PT 
C A/A 12/12 F1 0.648 0.730 0.893 PL+PT+WP+WS 
F2 0.647 0.735 0.900 PL+PT+WP+WS 
F3 0.648 0.718 0.880 PL+PT+WP+WS 
F4 0.648 0.736 0.902 PL+PT+WP+WS 
C A/A 18/18 F1 0.288 0.886 0.682 0.885 PL+PT+PC+WP 
F2 0.288 0.714 0.927 PL+PT+PC+WP+PP 
F3 0.288 0.726 0.942 PL+PT+PC+WP 
F4 0.288 0.963 0.747 0.969 PL+PT+PC+WP 
43 
Table 6A. Shop Welded Channel Section Longitudinal Welds 
Specimen Ave. Weld 
o 10 
°wu/oult o 10 
Mode of 
Designation Length (in) wy y wu y Failure 
D AlB 12/7 L1 2.96 0.851 0.701 0.934 PT 
L2 2.99 0.825 0.685 0.912 PT 
L3 3.00 0.849 0.681 0.908 PT 
D AlB 18/7 L1 2.99 0.839 0.741 1. 015 PT 
L2 3.01 0.776 0.693 0.949 PT 
L3 2.99 0.830 0.729 0.998 PT 
D AlB 12/7 F1 1.46 1.23 1.64 PC+PT+PL 
F2 1.39 1. 28 1.71 PT 
F3 1.51 1.20 1.59 PC+PT+PL 
F6 1.42 1.14 1.52 WS 
D AlB 18/7 F1 1.61 1.36 1.00 1. 37 PC+PT+PL 
F2 1.72 1. 37 1.01 1.43 PC+PT+PL 
F3 1. 73 1.34 0.97 1.34 PC+PT+PL 
D AlB 12/7 C1 0.91 1.42 1.89 WS 
C2 0.87 1.31 1. 75 WS 
C3 0.89 1.48 1.97 WS 
D AlB 18/7 C1 0.79 1.68 2.30 PC+WS+PL 
C2 0.79 1.85 2.54 PC+WS+PL 
C3 0.88 1.83 2.51 PC+WS+PL 
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Table 68. Shop Welded Channel Section Longitudinal Welds 
Specimen A Cin2) a 10 a /0 It a 10 Mode of Designation c ay y au u au y Failure 
D AlB 12/7 Ll 0.972 1.11 0.917 1. 22 PT 
L2 0.977 1.08 0.894 1.19 PT 
L3 0.966 1.13 0.906 1.21 PT 
D AlB 18/7 L1 0.458 1.09 0.959 1. 31 PT 
L2 0.454 1.01 0.901 1. 24 PT 
L3 0.456 1.08 0.945 1. 29 PT 
D AlB 12/7 F1 0.979 0.780 1.04 PC+PT+PL 
F2 0.964 0.789 1.05 PT 
F3 0.963 0.799 1.07 PC+PT+PL 
F6 0.974 0.709 0.94 WS 
D AlB 18/7 Fi 0.444 0.958 0.706 0.967 PC+PT+PL 
F2 0.446 1.027 0.783 1.073 PC+PT+PL 
F3 0.449 0.998 0.728 0.998 PC+PT+PL 
D AlB 12/7 C1 0.965 0.574 0.764 WS 
C2 0.962 0.509 0.678 WS 
C3 0.967 0.583 0.777 WS 
D A/B 18/7 C1 0.447 0.588 0.805 PC+WS+PL 
C2 0.445 0.651 0.892 PC+WS+PL 
C3 0.446 0.709 0.972 PC+WS+PL 
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Table 6C. Field Welded Channel Section Longitudinal Welds 
Specimen Ave. Weld 
°w/Oy o /0 It o /0 
Mode of 
Designation Length (in) wu u wu y Failure 
D A/B 12/7 Ll 3.14 0.745 0.682 0.834 PT 
L2 3.09 0.750 0.684 0.836 PT 
L3 3.04 0.755 0.703 0.861 PT 
D A/B 18/7 Ll 2.90 0.87l 0.743 0.964 PL+PT 
L2 3:02 0.767 0.701 0.910 PT 
L3 3.06 0.804 0.684 0.888 PT 
D AlB 12/7 C1 1. 06 1. 28 1.57 PC+WS 
C2 1.08 1.30 1.59 WS 
C3 1.06 1. 35 1.65 WS 
D A/B 18/7 C1 1.14 1.53 2.00 PL+PC+PT 
C2 1. 03 1. 54 2.00 PL+PC+PT+WS 
C3 1.10 1.52 1. 98 PL+PC+PT+WS 
C4 1.09 2.01 1. 55 2.01 PL+PC+PT 
Table 6D. Field Welded Channel Section Longitudinal Welds 
Specimen A (in2) o /0 o /0 o /0 Mode of Designation c ay y au u1t au y Failure 
D A/B 12/7 L1 0.972 1.04 0.952 1.17 PT 
L2 0.972 1.03 0.940 1.15 PT 
L3 0.972 1.02 0.950 1.16 PT 
D A/B 18/7 L1 0.442 1.12 0.958 1.24 PL+PT 
L2 0.442 1.03 0.941 1.22 PT 
L3 0.442 1. 09 0.930 1. 21 PT 
D A/B 12/7 C1 0.972 0.606 0.741 PC+WS 
C2 0.972 0.624 0.763 WS 
C3 0.972 0.636 0.778 WS 
D A/B 18/7 C1 0.442 0.780 1.012 PL+PC+PT 
C2 0.442 0.706 0.917 PL+PC+PT+WS 
C3 0.442 0.745 0.967 PL+PC+PT+WS 
C4 0.442 0.976 0.752 0.976 PL+PC+PT 
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Table 7A. Shop Welded Single Sheet Puddle Welds 
=:::::::~" - -;;t,=~-:::: 
Specimen Effective 
a /a a /a It a /a Mode of Designation Diameter (in) wy y wu u wu y Failure 
A E/B 14/7 01 0.92 0.750 0.728 0.750 PS+PB+PL 
02 0.93 0.711 0.700 0.721 PS+PB+PL 
03 0.94 0.721 0.701 0.722 PS+PB+PL 
04 0.92 0.755 0.746 0.769 PS+PB+PL 
05 1.02 0.661 0.644 0.663 PS+PB+PL 
A E/B 18/7 01 0.76 0.708 0.692 0.715 PS+PB+PL 
02 0.70 0.824 0.831 0.856 PS+PB+PL 
03 0.72 0.806 0.780 0.806 PS+PB+PL 
04 0.76 0.767 0.748 0.772 PS+PB+PL 
05 0.77 0.728 0.711 0.735 PS+PB+PL 
A E/C 18/16 01 0.68 0.752 0.744 0.769 PS+PB+PL+WP 
02 0.69 0.601 0.588 0.608 PS+WP+PL 
03 0.70 0.607 0.678 0.700 PS+PB+PL+WP 
04 0.72 0.587 0.597 0.616 PS+PB+PL 
05 0.74 0.698 0.693 0.716 PS+WP+PL 
A A/B 18/7 01 0.69 1.10 0.947 1. 30 PC+PL+PT 
02 0.70 1.16 0.850 1.16 PC+PL+PT 
03 0.71 1.08 0.894 1. 23 PC+PL+PT 
04 0.75 1.11 0.921 1.26 PC+PL+PT 
A E/B 28/7 C1 0.57 0.463 0.463 0.463 PS+PB 
C2 0.57 0.325 0.325 PS+PB 
C3 0.50 0.495 0.495 0.495 PS+PB 
C4 0.52 0.467 0.467 PS+PB 
C5 0.49 0.530 0.530 PS+PB 
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Table 7B. Shop Welded Single Sheet Puddle Welds 
::'-:.="':~Z_;:. ::-:::-::;~; =-= :::=-=·7:--::.o::;;_:,-.=~~~·:::::", -::::;::-;::::"'--..::: .. ~~::;.'.-==:.:.:::;..=....::.-= --;;; :=: :"-~:: 
Specimen A Cin2) 
°a/Oy a 10 a 10 
Mode of 
Designation c au ult au y Failure 
A E/B 14/7 Dl 0.538 0.617 0.599 0.617 PS+PB+PL 
D2 0.538 0.593 0.584 0.602 PS+PB+PL 
D3 0.535 0.607 0.590 0.608 PS+PB+PL 
D4 0.535 0.622 0.615 0.633 PS+PB+PL 
D5 0.541 0.601 0.586 0.604 PS+PB+PL 
A E/B 18/7 D1 0.354 0.505 0.493 0.509 PS+PB+PL 
D2 0.372 0.518 0.522 0.539 PS+PB+PL 
D3 0.366 0.520 0.503 0.520 PS+PB+PL 
D4 0.357 0.522 0.508 0.526 PS+PB+PL 
D5 0.358 0.502 0.490 0.506 PS+PB+PL 
A E/C 18/16 Dl 0.363 0.458 0.444 0.459 PS+PB+PL+WP 
D2 0.372 0.372 0.365 0.377 PS+WP+PL 
03 0.366 0.381 0.426 0.440 PS+PB+PL+WP 
D4 0.357 0.380 0.384 0.397 PS+PB+PL 
D5 0.359 0.462 0.459 0.474 PS+WP+PL 
A AlB 18/7 Dl 0.343 0.679 0.586 0.803 PC+PL+PT 
D2 0.344 0.737 0.538 0.737 PC+PL+PT 
D3 0.342 0.687 0.571 0.783 PC+PL+PT 
04 0.347 0.748 0.619 0.849 PC+PL+PT 
A E/B 28/7 Cl 0.119 0.236 0.236 0.236 PS+PB 
C2 0.118 0.167 0.167 PS+PB 
C3 0.118 0.225 0.225 0.225 PS+PB 
C4 0.119 0.218 0.218 PS+PB 
C5 0.118 0.235 0.235 PS+PB 
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'I';lhlc 7e. F i l' I d Wclded Single Shcet l'udJlc Welds 
"': :-.;::: :: . 
Sp('l' i IIICIl l:ffl'ct i V(' 
(1 /0 a /0 a /0 ~1od(' of Ilcsignation Diameter (in) wy y wu ult wu y Failure 
A A/B 12/7 D1 0.68 0.583 0.714 WS 
02 0.67 0.387 0.474 WS 
03 0.67 0.435 0.355 0.435 WS 
04 0.69 0.428 0.350 0.428 WS 
05 0.71 0.624 0.506 0.624 WS 
A A/B 18/7 01 0.69 0.839 0.646 0.839 PL+PS+PB 
02 0.65 1.05 0.807 1.05 PS+PS+PB 
03 0.64 0.944 0.727 0.949 PL+PB+PT 
04 0.64 1.18 0.907 1.18 PL+PB+PT+WS 
05 0.65 1.16 0.893 1.16 PL+PB+PT+WS 
A E/B 28/7 C1 0.36 0.502 0.502 PL+PB 
C2 0.37 0.566 0.566 PL+PS+PB 
C3 0.39 0.342 0.342 PL+PB 
C4 0.45 0.635 0.635 PL+PS+PB 
A E/C 28/16 C1 0.32 0.719 0.719 PL+PS+PB 
C2 0.33 0.392 0.392 PL+PB+PT 
C3 0.34 0.560 0.560 PL+PS+PB+PP 
C4 0.34 0.644 0.644 0.644 PB+PT 
C5 0.37 0.694 0.694 PB+PL 
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Table 70. Field Welded Single Sheet Puddle Welds 
Specimen A (in2) a /0' It a /0 Mode of Designation a /0 Failure c ay y au u au y 
A A/B 12/7 01 0.739 0.357 0.437 WS 
02 0.741 0.233 0.286 WS 
03 0.739 0.262 0.214 0.262 WS 
04 0.740 0.266 0.217 0.266 WS 
05 0.740 0.365 0.298 0.365 WS 
A A/B 18/7 01 0.296 0.519 0.400 0.519 PL+PS+PB 
02 0.295 0.613 0.473 0.613 PL+PS+PB 
03 0.295 0.544 0.419 0.544 PL+PB+PT 
04 0.296 0.676 0.521 0.676 PL+PB+PT+WS 
05 0.295 0.679 0.523 0.679 PL+PB+PT+WS 
A E/B 28/7 C1 0.119 0.162 0.162 PL+PB 
C2 0.120 0.187 0.187 PL+PS+PB 
C3 0.119 0.119 0.119 PL+PB 
C4 0.119 0.255 0.255 PL+PS+PB 
A E/C 18/16 C1 0.119 0.218 0.218 PL+PS+PB 
C2 0.119 0.116 0.116 PL+PB+PT 
C3 0.119 0.171 0.171 PL+PS+PB+PP 
C4 0.119 0.196 0.196 0.196 PB+PT 
C5 0.119 0.231 0.231 PB+PL 
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Table SA. Shop Welded Double Sheet Puddle Welds 
Specimen Effective 
o /0 o /0 It o /0 
Mode of 
Designation Diameter (in) wy y wu u wu y Failure 
B A/B 18/7 Dl 1.19 0.822 0.600 0.822 PC+PT+PL 
D2 1.15 0.970 0.810 1.109 PC+PT+PL 
D3 1.17 0.952 0.695 0.952 PC+PT+PL 
D4 1.21 0.720 0.532 0.729 PC+PT+WP 
Table 8B. Shop Welded Double Sheet Puddle Welds 
Specimen A (in2) 
°a/Oy o /0 It o /0 
Mode of 
Designation c au u au y Failure 
B A/B 18/7 Dl 0.666 0.878 0.641 0.878 PC+PT+PL 
D2 0.664 1.004 0.838 1.148 PC+PT+PL 
D3 0.663 0.999 0.729 0.999 PC+PT+PL 
D4 0.779 0.783 0.592 0.811 PC+PT+WP 
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Table BC. Field Welded Double Sheet Puddle Welds 
Specimen Effective 
awy/ay a /a It a /0 
Mode of 
Designation Diameter (in) wu u wu y Failure 
B A/B 12/7 D1 0.55 0.353 0.288 0.353 WS 
D2 0.61 0.177 0.144 0.177 WS 
D3 0.62 0.136 0.111 0.136 WS 
B A/B 1B/7 D1 0.59 0.811 0.625 0.811 WS 
D2 0.64 0.954 0.735 0.954 WS 
D3 0.63 0.710 0.921 WS 
D4 0.54 0.629 0.816 WS 
D5 0.65 0.499 0.384 0.499 WS 
B E/C 28/16 Cl 0.24 0.750 0.750 PL+PB+PT 
C2 0.30 0.749 0.749 PL+PB+PP 
C3 0.28 0.707 0.707 PL+PB+PP 
C4 0.23 0.720 0.720 PL+PB+PP 
Table 8D. Field Welded Double Sheet Puddle Welds 
Specimen A (in 2) aa/ay o /0 It °au/Oy 
Mode of 
Designation c au u Failure 
B A/B 12/7 D1 1.48 0.174 0.142 0.174 WS 
D2 1.48 0.097 0.079 0.097 WS 
D3 1.48 0.076 0.066 0.081 WS 
B A/B 18/7 Dl 0.590 0.432 0.333 0.432 WS 
D2 0.591 0.550 0.424 0.550 WS 
03 0.590 0.403 0.523 WS 
D4 0.590 0.306 0.398 WS 
D5 0.592 0.291 0.224 0.291 WS 
B E/C 28/16 C1 0.239 0.161 0.161 PL+PB+PT 
C2 0.239 0.202 0.202 PL+PB+PP 
C3 0.239 0.177 0.177 PL+PB+PP 
C4 0.239 0.148 0.148 PL+PB+PP 
Table 9. Comparison of Actual to Predicted Ultimate Loads for Flat Sheet Transverse Fillet Welds 
Specimen Weld Ave. Weld P~lt P~lt % Difference P~lt % Difference 
Designation Type 1 Length (in) Actual Eq. 6 Using Eq. 6 Eq. 6a Using Eq. 6a 
H A/B 12/7 PI S 3.97 44.70 39.22 +13.97 43.50 +2.76 
P2 S 3.99 44.00 39.37 +11. 76 43.72 +0.64 
P3 S 3.97 45.20 39.04 +15.87 43.41 +4.12 
H A/B 12/7 PI F 3.92 39.00 39.14 -0.36 43.29 -9.91 
P2 F 3.92 43.00 39.14 +9.86 43.29 -0.67 
P3 F 3.94 42.10 39.29 +7.15 43.51 -3.24 
P4 F 3.90 42.30 38.98 +8.52 43.QJ -1.79 
H A/B 18/7 PI S 3.98 23.00 22.86 +0.61 25.37 -9.34 
P2 S 4.00 25.60 23.65 +8.24 26.28 -2.59 
P3 S 4.00 26.30 23.65 + 11. 21 26.28 +0.08 
H A/B 18/7 PI F 3.89 23.80 22.38 +6.34 24.72 -3.72 
P2 F 3.92 24.80 22.52 +10.24 24.91 -0.44 
P3 F 3.94 24.20 22.61 +7.03 25.04 -3.35 
P4 F 3.96 23.40 22.70 +3.08 25.16 -7.00 CJ1 N 
H A/B 12/7 Ll S 3.06 31.30 31. 76 -1.45 33.53 -6.65 
L2 S 3.11 32.10 32.00 +0.31 34.08 -5.81 
L3 S 3.13 32.30 32.16 +0.44 34.46 -6.27 
H A/B 18/7 Ll S 2.99 19.50 18.67 +4.45 19.64 -0.71 
L2 S 3.04 19.60 18.93 +3.54 19.97 -1.85 
L3 S 3.00 18.10 18.54 -2.37 19.51 -7.23 
H A/B 12/7 Fl S 1.57 18.80 17.57 +7.00 17.20 +9.30 
F2 S 1.54 18.80 17.18 +9.43 16.80 +11.90 
F3 S 1.60 18.00 17.80 +1.12 17.45 +3.15 
H A/B 18/7 Fl S 1.51 10.74 9.96 +7.83 9.72 +10.49 
F2 S 1.54 10.28 10.25 +0.29 10.02 +2.59 
F3 S 1.57 10.10 10.43 -3.16 10.21 -1.08 
Table 9 (continued) 
Specimen Weld Ave. Weld Pult Pult % Difference Pu1t % Di fference 
Designation Type 1 Length (in) Actual Eq. 6 Using Eq. 6 Eq. 6a Using Eq. 6a 
H A/B 12/7 C1 S 0.99 12.60 11.34 +11.11 10.80 +16.67 
C2 S 0.96 10.92 11. 07 -1.36 10.52 +3.80 
C3 S 0.96 11.94 11.02 +8.35 10.47 +14.04 
H A/B 12/7 C1 F 1.09 12.98 12.59 +3.10 12.04 +7.81 
C2 F 1.07 13.42 12.44 +7.88 11.82 +13.54 
C3 F 1.13 14.20 13.02 +9.06 12.55 +13.15 
H A/B 18/7 C1 S 0.89 7.12 6.17 +15.40 5.85 +21.17 
C2 S 0.94 7.18 6.37 +12.72 6.02 +18.68 
C3 S 0.87 6.34 6.04 +4.97 5.71 +11.03 
H A/B 18/7 C1 F 1.16 7.56 7.68 =1.56 7.37 +2.58 
C2 F 1.12 8.17 7.43 +9.96 7.12 +14.75 
C3 F 1.19 8.45 7.87 +7.37 7.56 +11.77 
C4 F 1.16 8.67 7.68 +12.89 7.37 +17.64 
H A/A 12/12 PI F 3.83 34.80 38.43 -9.44 41.91 -16.96 (Jl VJ 
P2 F 3.88 36.80 38.82 -5.20 42.07 -12.53 
P3 F 3.93 36.40 39.21 -7.17 42.61 -14.57 
H A/A 18/18 PI F 3.90 20.80 22.43 -7.27 24.78 -16.06 
P2 F 3.88 20.20 22.34 -9.58 24.66 -18.09 
P3 F 3.82 20.60 22.07 -6.66 24.27 -15.12 
H A/A 12/12 C1 F 1. 26 14.74 14.43 +2.15 13.66 +7.91 
C2 F 1.14 12.86 13.13 -2.06 12.36 +4.05 
C3 F 1. 21 13.72 13.89 -1. 22 13.12 +4.57 
C4 F 1.14 13.88 13.13 +5.71 12.35 +12.30 
C5 F 1.20 14.30 13.87 +3.10 13.01 +9.92 
H A/A 18/18 C1 F 1.12 8.10 7.43 +9.02 7.11 +13.92 
C2 F 1.08 8.22 7.18 +14.48 6.86 +19.83 
C3 F 1.17 5.80 7.74 -25.06 7.43 -21. 94 
C4 F 1.12 6.72 7.18 -6.41 1.12 -5.62 
C5 F 1.09 7.22 7.24 -0.28 6.93 +4.18 
IS = shop welded; F = field welded. 
Table 10. Comparison of Actual to Predicted Ultimate Loads for Channel Section Transverse Fillet Welds 
Specimen Weld Ave. Weld P~lt P~lt % Difference P~lt % Difference 
Designation Type l Length (in) Actual Eq. 7 Using Eq. 7 Eq. 7a Using Eq. :-a 
E A/B 12/7 PI S 4.00 33.10 33.90 -2.36 36.11 -8.33 
P2 S 3.99 32.90 33.69 -2.34 35.85 -8.23 
P3 S 3.99 33.30 33.53 -0.69 35.69 -6.70 
E AlB 12/7 PI F 3.85 35.20 33.02 +6.60 34.87 +0.93 
P2 F 3.87 35.70 33.16 +7.66 35.04 +1.88 
P3 F 3.88 35.80 33.23 +7.73 35.14 +1.88 
E A/B 18/7 PI S 3.86 20.80 19.49 +6.72 20.59 +1.02 
P2 S 3.98 21. 50 20.35 +5.65 21. 65 -0.69 
P3 S 3.99 20.50 20.00 +2.50 21. 70 -5.53 
E A/B 18/7 PI F 3.84 19.25 18.59 +3.55 19.62 -1.86 
P2 F 3.91 20.00 18.86 +6.04 19.97 +0.15 
P3 F 3.86 19.90 18.67 +6.59 19.72 +0.91 
E A/B 12/7 L1 S 3.01 27.50 26.87 +2.34 27.05 +1.66 U"1 +>-
L2 S 3.00 27.50 26.79 +2.65 26.96 +2.00 
L3 S 3.02 27.50 26.94 +2.08 27.14 +1.33 
E A/B 18/7 L1 S 3.13 16.20 16.31 -0.67 16.53 -2.00 
L2 S 3.01 16.60 16.11 +3.04 16.21 +2.41 
L3 S 2.96 16.60 15.73 +5.53 15.78 +5.20 
E A/B 12/7 F1 S 1.51 13.00 14.59 -10.90 13.56 -4.13 
F2 S 1.55 10.80 14.88 -27.42 13.86 -22.08 
F3 S 1.57 14.56 15.06 -3.32 14.04 +3.70 
F6 S 1.51 14.30 14.52 -1.52 13.63 +4.92 
E A/B 18/7 F1 S 1.50 7.04 8.69 -18.99 8.08 -12.87 
F2 S 1.52 9.58 8.63 +11.01 8.03 +19.30 
F3 S 1.52 7.82 8.72 -10.32 8.11 -3.56 
E A/B 12/7 C1 S 0.95 9.50 9.44 +0.64 8.54 +11.24 
C2 S 0.85 8.94 8.53 +4.81 7.67 +15.21 
C3 S 0.90 9.44 8.93 +5.71 8.05 +17.27 
Table 10 (continued) 
Specimen Weld Ave. Weld P~1t P~1t % Difference P~1t % Difference 
Designation Type 1 Length (in) Actual Eq. 7 Using Eq. 7 Eq. 7a Using Eq. 7a 
E A/B 12/7 C1 F 1.08 13.96 10.75 +29.86 9.78 +42.74 
C2 F 1.10 12.62 11.00 +14.73 9.96 +26.71 
C3 F 1.15 13.06 11.41 +14.46 10.41 +25.46 
C4 F 1.22 12.58 12.06 +4.31 11.05 + 13.85 
C5 F 1. 21 12.62 11.97 +5.43 10.95 +10.53 
E A/B 18/7 C1 5 0.94 2.66 5.60 -52.25 5.06 -47.43 
C2 5 0.89 3.70 5.16 -28.29 4.65 -20.43 
C3 5 0.94 4.70 5.54 -15.16 5.01 -6.19 
C4 5 0.87 2.84 5.10 -44.31 4.59 -38.13 
E A/B 18/7 C1 F 1.04 6.84 5.85 +16.92 5.31 +28.81 
C2 F 1.06 6.82 5.96 +14.43 5.41 +26.06 
C3 F 1.09 6.40 6.12 +4.56 5.57 +14.90 
C4 F 1.02 7.08 5.74 +23.34 5.21 +35.89 
C5 F 1.15 7.26 6.44 +12.73 5.87 +23.68 'Jl Vl 
IS = shop welded; F = field welded. 
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Tah1e 11. Comparison of Actual to Predicted Ultimate Load for the Long Plat 
Sheet Longitudinal Fillet Welds 
Specimen Weld A (in2) PUlt 
Pult % Difference Designation Type l c Actual Eq. B 
C A/B 12/7 PI F 0.636 31.1 26.00 +19.6 
P2 F 0.634 31.5 25.92 +21.5 
P3 F 0.635 32.0 25.96 +23.2 
C A/B 12/7 J1 S 0.642 31.1 26.4 +17.8 
J2 S 0.637 30.4 26.2 +16.0 
C A/B 18/7 Jl S 0.290 17.1 15.5 +10.3 
J2 S 0.287 15.9 15.4 +3.2 
C A/B 18/7 J1 F 0.299 15.4 15.5 -0.6 
J2 F 0.300 16.24 15.5 +4.8 
J3 F 0.299 16.3 15.5 +5.2 
J4 F 0.299 16.6 15.5 +7.1 
J5 F 0.299 15.1 15.5 -2.6 
C A/A IS/IS Jl S 0.288 15.8 15.44 +2.3 
J2 S 0.2S1 14.3 15.06 -5.0 
J3 S 0.288 15.S4 15.44 +2.6 
J4 S 0.288 15.7 15.44 +1. 7 
C A/A 18/18 Jl F 0.288 15.24 14.91 +2.2 
J2 F 0.288 15.14 14.91 +1.5 
J3 F 0.28S 15.14 14.91 +5.3 
J4 F 0.288 15.50 14.91 +3.9 
J5 F 0.288 14.93 14.91 +0.1 
-----
IS shop welded; F = field welded. 
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Table 12. Comparison of Actual to Predicted Ultimate Load for the Short 
Flat Sheet Longitudinal Fillet Welds 
- = '''::. ;-:.=....:c _=._ -
Specimen Weld Ave. Weld P;llt P~lt % Difference Designation Type 1 Length (in) Actual Eq. 9 
C A/B 12/7 Fl S 1. 51 27.30 23.16 +17.88 
F2 S 1.65 28.40 23.61 +22.07 
F3 S 1.64 28.20 23.59 +19.54 
F4 S 1.62 28.30 23.43 +20.79 
C A/B 18/7 F1 S 1.40 13.20 13.62 -3.08 
F2 S 1.46 13.30 13.55 -1.85 
F3 S 1.41 14.20 13.52 +5.03 
F4 S 1.43 13.10 13.32 -1.65 
C A/B 12/7 C1 S 1.09 23.00 20.08 +14.54 
C2 S 1.12 23.20 20.39 +13.78 
C3 S 1.15 24.60 20.68 +18.96 
C4 S 1.22 25.00 21. 31 +17.32 
C A/B 12/7 C1 F 1.26 22.80 21. 31 +6.99 
C2 F 1.31 25.10 21.68 +15.77 
C3 F 1.24 23.00 21.15 +11.92 
C4 F 1.17 23.60 20.55 +14.84 
C5 F 1.15 22.70 20.36 +11.49 
C A/B 18/7 C1 S 0.81 10.32 9.99 +3.30 
C2 S 0.91 11.20 10.82 +3.51 
C3 S 0.87 10.80 10.40 +3.85 
C4 S 0.93 11.20 10.98 +2.00 
C A/B 18/7 C1 F 1.09 11.40 11.81 -3.47 
C2 F 1.04 10.66 11.50 -7.30 
C3 F 1.02 10.16 11.36 -10.56 
C4 F 1.10 11.18 11.88 -5.89 
C5 F 1.17 12.30 12.28 +0.16 
C A/A 12/12 Fl S 1.44 24.50 22.72 +7.83 
F2 S 1.52 24.90 23.20 +7.33 
F3 S 1.56 26.00 23.14 +13.36 
F4 S 1.52 25.90 23.20 +11.64 
F5 S 1. 52 26.70 23.20 +15.09 
C A/A 12/12 F1 F 1.64 24.20 23.67 +2.24 
F2 F 1.60 24.30 23.56 +3.14 
F3 F 1.62 23.80 23.62 +0.76 
F4 F 1.65 24.40 23.69 +3.00 
C A/A 18/18 F1 S 1.59 12.14 13.86 -12.41 
F2 S 1.59 12.16 13.72 -11.37 
F3 S 1.52 12.86 13.7l 
-6.20 
F4 S 1.59 12.78 13.86 -7.79 
C A/A 18/18 F1 F 1.80 12.76 13.46 -5.20 
F2 F 1. 82 13.35 13.46 
-0.82 
F3 F 1. 83 13.56 13.45 +0.82 
F4 F 2.00 13.96 13.29 +5.04 
IS = shop welded; F = field welded. 
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Table 13. Comparison of Actual to Predicted Ultimate Load for the Short 
Flat Sheet Longitudinal Fillet Welds 
Specimen Weld Ave. Weld Pu1t Pu1t % Difference Designation Type 1 Length (in) Actual Eq. 10 
C A/B 12/7 Fl S 1. 51 27.30 27.69 -1.41 
F2 S 1.65 28.40 29.94 -5.14 
F3 S 1.64 28.20 29.91 -5.72 
F4 S 1.62 28.30 29.38 -3.68 
C A/B 18/7 F1 S 1.40 13.20 12.59 +4.85 
F2 S 1.46 13.30 12.47 +6.66 
F3 S 1.41 14.20 12.55 +13.15 
F4 S 1.43 13.10 12.16 +7.73 
C A/B 12/7 C1 S 1.09 23.00 21.21 +8.44 
C2 S 1.12 23.20 21. 72 +6.81 
C3 S 1.15 24.60 22.30 +10.31 
C4 S 1.22 25.00 23.37 +6.97 
C A/B 12/7 C1 F 1. 26 22.80 23.62 -3.47 
C2 F 1.31 25.10 24.40 +2.87 
C3 F 1.24 23.00 23.30 -1.29 
C4 F 1.17 23.60 22.18 +6.40 
C5 F 1.15 22.70 21.85 +3.89 
C A/B 18/7 C1 S 0.81 10.30 8.74 +17.85 
C2 S 0.91 11.20 9.54 +17.40 
C3 S 0.87 10.80 9.12 +18.42 
C4 S 0.93 11.20 9.70 +15.46 
C A/B 18/7 C1 F 1.09 11.40 10.61 +7.44 
C2 F 1.04 10.66 10.28 +3.70 
C3 F 1.02 10.16 10.14 +0.20 
C4 F 1.10 11.18 10.68 +4.68 
C5 F 1.17 12.30 11.12 +10.61 
C A/A 12/12 Fl S 1.44 24.50 26.70 -8.23 
F2 S 1.52 24.90 28.05 -11.23 
F3 S 1.56 26.00 28.32 -8.19 
F4 S 1.52 25.90 28.05 -7.66 
F5 S 1.52 26.70 28.05 -4.81 
C A/A 12/12 Fl F 1.64 24.20 29.95 -19.20 
F2 F 1.60 24.30 29.37 -17.26 
F3 F 1.62 23.80 29.66 -19.76 
F4 F 1.65 24.40 30.10 -18.33 
C A/A 18/18 F1 S 1.59 12.14 12.95 -6.25 
F2 S 1.59 12.16 12.82 -5.15 
F3 S 1.52 12.86 12.71 +1.18 
F4 S 1.59 12.78 12.95 -1.31 
C A/A 18/18 F1 F 1.80 12.76 12.84 -0.62 
F2 F 1.82 13.35 12.87 ' +3.73 
F3 F 1.83 13.56 12.89 +5.20 
F4 F 2.00 13.96 13.08 +6.73 
IS = shop welded; F = field welded. 
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Table 14. Comparison of Actual to Predicted Ultimate Load for the Long 
Channel Section Longitudinal Welds 
Specimen Weld A Cin2) Ptilt Ptilt % Difference Designation Type 1 c Actual Eq. 13 
D AlB 12/7 L1 S 0.972 45.9 45.0 +2.00 
L2 S 0.977 44.9 45.2 -0.66 
L3 S 0.966 45.0 44.7 +0.67 
D AlB 12/7 L1 F 0.972 47.3 44.7 +5.82 
L2 F 0.972 46.7 44.7 +4.47 
L3 F 0.972 47.2 44.7 +5.59 
D AlB lS/7 L1 S 0.458 29.4 27.6 +6.52 
L2 S 0.454 27.4 27.4 0.0 
L3 S 0.456 2S.6 27.5 +4.00 
D AlB lS.7 L1 F 0.442 27.4 25.7 +6.61 
L2 F 0.442 26.9 25.7 +4.67 
L3 F 0.442 26.6 25.7 +3.50 
IS = shop welded; F = field welded. 
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Table 15. Comparison of Actual to Predicted Ultimate Loads for the Short 
Channel Section Longitudinal Welds 
Specimen Weld Ave. Weld Pult P~lt % Difference Designation Type l Length (in) Actual Eq. 14 
D A/B 12/7 F1 S 1.46 39.30 37.73 +4.16 
F2 S 1.39 39.10 37.09 +5.42 
F3 S 1.51 39.60 37.43 +5.80 
F6 S 1.42 35.50 37.54 -5.43 
D A/B 18/7 F1 S 1.61 21.00 22.52 -6.75 
F2 S 1.72 23.40 22.27 +5.07 
F3 S 1. 73 21.90 22.54 -2.84 
D A/B 12/7 C1 S 0.91 28.50 31.19 -8.62 
C2 S 0.87 25.20 30.31 -16.86 
C3 S 0.89 29.00 30.79 -5.81 
D A/B 12/7 C1 F 1.06 30.10 33.86 -11.10 
C2 F 1.08 31.00 34.16 -9.25 
C3 F 1. 06 31.60 33.86 -6.67 
D A/B 18/7 C1 S 0.79 17.60 17.20 +2.33 
C2 S 0.79 19.40 17.20 +12.79 
C3 S 0.88 21.20 18.29 +15.91 
D A/B 18/7 C1 F 1.14 22.30 20.12 +10.83 
C2 F 1.03 20.20 19.21 +5.15 
C3 F 1.10 21.30 19.82 +7.47 
C4 F 1.09 21.50 19.75 +8.86 
IS shop welded; F = field welded. 
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Table 16. Comparison of Actual to Predicted Ultimate Loads for the Single 
Sheet Puddle Welds Which Did Not lIave Weld Failures 
;~ -:;:.....:::;:..::::.-=-~ .;;;; :=-= . ~ 
Specimen Weld Effective P~1t P~1t % Difference Designation Type 1 Diameter (in) Actual Eq. 18 
A E/B 14/7 Dl S 0.92 28.3 27.98 +1.14 
D2 S 0.93 27.8 28.31 -1.80 
D3 S 0.94 27.75 28.14 -1.39 
D4 S 0.92 28.9 27.82 +3.88 
D5 S 1.02 27.9 30.35 -8.07 
A E/B 18/7 01 S 0.76 13.9 13.74 +1.16 
02 S 0.70 15.0 12.56 +19.43 
03 S 0.72 14.5 12.83 +13.02 
D4 S 0.76 14.5 13.12 +10.52 
D5 S 0.77 14.0 13.26 +5.58 
A E/C 18/16 01 S 0.68 12.86 12.41 +3.63 
D2 S 0.69 10.80 12.94 -16.54 
D3 S 0.70 12.44 12.83 -3.04 
D4 S 0.72 10.92 12.57 -13.13 
D5 S 0.74 13.16 12.99 +1. 31 
A AlB 18/7 01 S 0.69 13.48 9.83 +37.13 
02 S 0.70 12.40 10.04 +23.51 
D3 S 0.71 13.10 10.02 +30.74 
D4 S 0.75 14.40 10.50 +37.14 
A AlB 18/7 Dl F 0.69 7.68 7.79 -1.41 
D2 F 0.65 9.04 7.51 +20.37 
D3 F 0.64 8.02 7.42 +8.08 
D4 F 0.64 10.00 7.42 +34.77 
05 F 0.65 10.00 7.51 +33.16 
A EIB 28/7 C1 S 0.57 2.76 2.37 +16.46 
C2 S 0.57 1. 94 2.37 -18.14 
C3 S 0.50 2.60 2.40 +8.33 
C4 S 0.52 2.54 2.40 +5.83 
C5 S 0.49 2.72 2.40 +13.33 
A E/B 38/7 Cl F 0.36 1.90 2.18 -12.84 
C2 F 0.37 2.20 2.23 -1.34 
C3 F 0.39 1.40 2.27 -38.32 
C4 F 0.45 3.00 2.37 +26.58 
A E/C 28/16 C1 F 0.32 2.55 2.07 +23.19 
C2 F 0.33 1. 36 2.11 -35.54 
C3 F 0.34 2.00 2.14 -6.54 
C4 F 0.34 2.30 2.14 +7.48 
C5 F 0.37 2.70 2.23 +21. 08 
15 = shop welded; F = field welded. 
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Table 17. Comparison of Actual to Predicted Ultimate Loads for the 12 Gage 
Group of Single Sheet Puddle Welds 
Specimen Weld 
Designation Type l 





IF = field welded. 
Effective P~1t 




















Table 18. Comparison of Actual to Predicted Ultimate Loads for the Double 
Sheet Puddle Weld Connections 
I 
Specimen Weld Effective P~1t P~lt % Difference Designation Type l Diameter (in) Actual Eq. 18 
B AlB 12/7 D1 F 0.55 10.80 32.29 -66.55 
D2 F 0.61 6.00 35.64 -83.16 
03 F 0.62 5.00 36.20 -86.19 
B AlB 18/7 D1 S 1.19 28.60 34.31 -16.64 
D2 S 1.15 27.30 33.43 -18.34 
D3 S 1.17 32.40 33.70 -3.86 
D4 S 1.21 26.30 35.62 -26.17 
B AlB 18/7 D1 F 0.59 12.70 16.25 -21. 85 
02 F 0.64 16.20 17.44 -7.11 
D3 F 0.63 15.40 17.20 -12.79 
D4 F 0.54 11.70 15.03 -22.16 
D5 F 0.65 8.60 17.67 -51. 32 
B E/C 28/16 C1 F 0.24 3.78 4.26 -11.27 
C2 F 0.30 4.72 5.15 -8.35 
C3 F 0.28 4.16 4.86 -14.40 
C4 F 0.23 3.48 4.10 -15.12 













l:l Shop welded to 7/16" plates 
o Field welded to 7/16" plates 
() Field welded to 12 gage sheets 
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ll. Shop welded to 7/16" plates 
[J Field welded to 7/16" plates 
o Field welded 18 gage sheets 
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Ave. weld length (in) 
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----- Equation 6 with w = 4 in 
---- Equation 6a 
ll. Shop welded to 7/16" plates 
C Field welded to 7/16" plates 
() Field welded to 12 gage sheets 
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0.6 A Shop welded to 7/16" plates 
[] Field welded to 7/16" plates 
0.4 0 Field welded to 18 gage sheets 
--.-- Equation 6 with w = 4 in. 
0.2 Equation 6a 
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l::J. Shop welded to 7/16" plates 
C Field welded to 7/16" plates 
1.0 2.0 
Ave. weld length (in) 

















.6. Shop welded to 7/16" plates 
C Field welded to 7/16" plates 
3.0 
Ave. weld length (in) 
Figure 28. 18 Gage Channel Section Transverse Fillet Welds 
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il. Shop welded to 7/16" plates 
[J Field welded to 7/16" plates 
.-, ............ -- Equation 7 with w = 4 in • 
Equation 7a 
IJJA SA ---------~----~-------- -----
A 
l I I I I 
0.0 1.0 2.0 3.0 4.0 
Ave. weld length (in) 
Figure 2C. 12 Gage Channel Section Transverse Fillet Welds 











.6. Shop welded to 7/16" plates 
C Field welded to 7/16" plates 
-~ ....... ~ Equation 7 with w = 4 in. 
Equation 7a 
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0.0 1.0 2.0 3.0 4.0 
Ave. weld length (in) 
Figure 20. 18 Gage Channel Section Transverse Fillet Welds 
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Ave. Weld Length (in) 
Figure 14. 12 Gage Flat Sheet Longitudinal Pillet Welds 
tl. Shop welded to 7/16" plates 
() Snqp ~etded t~ 12 gage shee~s 
o Pield welded to 7/16" plates 
() Field welded to 12 gage sheets 
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Figure 3B. 18 Gage Flat Sheet Longitudinal Fillet Welds 
6. Shop welded to 7/16" plates 
() Shop welded to 18 gage sheets 
[] Field welded to 7/16" plates 
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Figure 3C. 12 Gage Flat Sheet Longitudinal Fillet Welds 
~ Shop welded to 7/16" plates 
() Shop welded to 12 gage sheets 
o Field welded to 7/16" plates 
() Field welded to 12 gage sheets 
3.0 4.0 
A Shop welded to 7/16" plates 
o Shop welded to 18 gage sheets 
o Field welded to 7/l6ft plates 
(7 /0 
wu ult o Field welded to 18 gage sheets 
0.0 1.0 2.0 3.0 4.0 
Ave. weld length (in) 
Figure 3D. 18 Gage Flat Sheet Longitudinal Fillet Welds 












0.6 .... A Shop welded to 7/16" plates 
El Field welded to 7/16" plates 
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A Shop welded to 7/16" plates 
t:J Field welded to 7/16" plates 
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ll. Shop welded to 7/16" plates 
C Field welded to 7/16" plates 
1.0 2.0 
Ave. weld length (in) 
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C Field welded to 7/16" plates 
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Ave. weld length (in) 





















.. - ......... 0-..... --...... .- ......... ~ .... 41!. .. _~~-- ...... - ... - ................ ~ ......... ~ ---
<) 0 
Equation 8 
12 gage shop welded to 7/16" plates 
18 gage shop welded to 7/16" plates 
18 gage shop welded to 18 gage sheets 
12 gage field welded to 7j16" plates 
18 gage Held we Ided to 7/16" plates 
18 gage field welded to 18 gage sheets 
0.5- I I 
1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 
2 x ave. weld length / w 
Figure S. Flat Sheet Longitudinal Fillet Welds 
















Equation 9 with w = 3 in. 
12 gage 'shop welded to 7/16" plates 
18 gage shop welded to 7/1~' plates 
12 gage shop welded to 12 gage sheets 
18 gage shop welded to 18 gage sheets 
12 gage field welded to 7/16" plates 





12 gage field welded to 12 gage sheets 
18 gage field welded to 18 gage sheets 
0.6 0.8 1.0 1.2 1.4 
Ave. weld length (in) 
Figure 6. Flat Sheet Longitudinal Fillet Welds 
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lJ. 12 gage shop welded to 7/16" plates 
l!D 18 gage shop welded to 7/16" plates 
0.41-
~ 12 gage shop welded to 12 gage sheets 
<> 18 gage shop welded to 18 gage sheets 
o 12 gage field welded to 7/16" plates 
o 18 gage field welded to 7/16" plates 
0.21-
.. 12 gage field welded to 12 gage sheets 
0 18 gage field welded to 18 gage sheets 
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Equation 14 with wt = 3 in. 
lSI lSI 
A 
12 gage shop welded to 7/16" plates 
18 gage shop welded to 7/16" plates 
12 gage field welded to 7/16" plates 
18 gage field welded to 7/16" plates 
0.4 0.6 0.8 1.0 
Ave. weld length (in) 
Figure 8. Channel Section Longitudinal Fillet Welds 
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•• e A E/B 14/7 D shop welded 
.. A E/B 18/7 D shop welded 
~ A E/C 18/16 D shop welded 
11 A AlB 18/7 D shop welded 
V A E/B 28/7 C shop welded 
[J A AlB 18/7 D field welded 
o A E/B 28/7 C field welded 
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Figure 9. Single Sheet Puddle Welds 
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